Introduction
In the United States, tropical and subtropical forests are found only in south Florida, covering the southern part of the Floridian Coastal Plain and the Florida Keys. The climate is typically hot and humid with abundant rainfall, although droughts do occur. Soils range widely depending on landform and parent material, and can be organic, finetextured silts, or coarse-textured sands. These forests develop best on moist hammocks with organic soils. They are the stable climax vegetation on the slightly higher portions of the landscape where fire is infrequent. South Florida slash pine (Pinus elliottii var. densa Little & Dorman) dominates areas with more frequent fires with the fire-sensitive subtropical and tropical hardwoods restricted to subordinate positions. Lower wet areas are occupied by cypress, saw grass, or wet prairie communities.
Physical Environment Geographic Distribution
Tropical and subtropical forests correspond to Society of American Foresters cover type 105 (Eyre 1980) . In the United States, these forests grow only on the Florida section of the coastal plain physiographic province (Fenneman 1938 ) and on the Florida Keys. They are most common in Dade, Monroe, and Collier Counties (Woodall 1980 ) with extensions farther north near the coast where ocean waters mediate freezing temperatures (Simpson 1920) . Within this region, these forests occupy areas of the Miami rock ridge, the Keys, the Everglades, the Florida Bay coast, and the gulf coast. This community occupied about 25,000 acres (ac) [10,000 hectares (ha)] in pre-Columbian times (Woodall 1980) .
Geologic Substratum
The Miami rock ridge, an outcropping of Miami oolite limestone (Craighead 1971) , extends down the Atlantic coast through Miami south and west through Homestead to the Long Pine Key area of the Everglades. Elevations range from more than 23.0 feet [7 meters (m)] above sea level near Miami to 13.0 feet (4.0 m) near Homestead and 6.5 feet (2.0 m) or less around Long Pine Key (Snyder et al. 1990 ). The upper Keys are islands of coral rock (Key Largo limestone) formed during the Pleistocene age, while the lower Keys are oolitic limestone (Craighead 1971) . The Everglades, often referred to as the river of grass, is a large expanse of wetlands dominated by saw grass that stretches south from Lake Okeechobee behind the Atlantic coast ridge. The Florida Bay and gulf coasts are mostly low, wet areas dominated by mangrove forest and coastal marsh.
The Miami rock ridge has an extremely rough, irregular surface pitted by solution holes. Pine lands, dominated by south Florida slash pine, cover most of this area. Tropical and subtropical hammocks generally occupy the higher areas, but the difference in elevation is difficult to detect because it is actually only a few inches (Alexander 1967) . A more prominent feature of tropical hammocks is the presence of numerous solution holes, ranging in diameter and depth from 1.5 to 8.0 feet (0.5 to 2.5 m) (Small 1909) , created by organic acids dissolving the limestone (Craighead 1974) . All the higher areas on the Keys north of Bahia Honda were once covered by tropical hardwood forests (Gifford 1911) . In the Everglades, tropical and subtropical forests form teardrop-shaped tree islands (Carr 1973) . These tropical hardwood hammocks occur where organic matter has accumulated on platforms of the underlying limestone, which are slightly higher, 1 to 4 feet (0.3 to 1.0 m), than the general area. Along the coast of Florida Bay, tropical and subtropical hardwoods grow on storm-deposited embankments and shell mounds (Olmsted et al. 1981) . In the gulf coast region, these forests occupy the high ridges, outcrops of Tamiami limestone, which are scattered throughout the area (Craighead 1971) . Although these communities are often surrounded by water, they are rarely inundated (Schomer and Drew 1982) .
Soils
Because of fluctuations in sea level (most recently 5,000 to 8,000 years ago) soils for the entire area are of recent origin. These soils are mostly calcareous muds or organic deposits mixed with shell remains (Craighead 1971) , although some areas of the coast have soils derived from storm-deposited sands. Soils are thin layers over the irregular, porous, limestone rock, with hardwood hammock soils being generally deeper and having a higher organic matter content than those of adjoining pine lands (Wade et al. 1980) . Much of the actual soil material accumulates in channels, fissures, and depressions in the bedrock.
Climate
The region has a subtropical climate with about a 15 o F (8 o C) range between mean summer highs and winter lows (Craighead 1971 (Schomer and Drew 1982) .
General Vegetation Hammock Origin
Live oak (Quercus virginiana Mill.) is often a pioneer species in hardwood hammock development on the Miami rock ridge, commonly occurring near solution holes, which provide water storage and fire protection (Sand 1971) . As other species invade, a closed canopy forms, dominated by trees with crooked trunks, dense hardwood, and stiff evergreen leaves (Harper 1927) . These trees produce a dense canopy that modifies the microclimate to a moister and shadier environment (Carr 1973 , Olmsted et al. 1983 ). Other early successional species are wild-tamarind [Lysiloma latisiliquum (L.) Benth.] and mahogany (Swietenia mahagoni Jacq.), which do not reproduce in shade but are prevalent in hammocks because of disturbance from fire and storms (Robertson 1962) .
Species Composition
Hammocks are dominated by mostly broad-leaved, evergreen trees of West Indian origin and a few temperate species (Craighead 1974) . This is a diverse community containing 150 to 170 native species of trees and shrubs (Snyder et al. 1990 ). Species richness is greatest in the large hammocks, such as those in the Long Pine Key area of Everglades National Park. Because of landscape diversity and differences in species distribution, composition varies greatly, but nearly all hammocks contain gumbo-limbo [Bursera simaruba (L.) Sarg.] and pigeon-plum (Coccoloba diversifolia Jacq.) in the canopy and stopper (Eugenia spp.) in the midstory and understory layers. Although there are several species in the canopy, most of the woody species in a hammock community occur in the midstory and understory layers (table 1) . Hammocks contain few herbaceous species (Snyder et al. 1990) , having a clean forest floor composed of leaflitter (Small 1916) . Olmsted et al. (1980) reported herbaceous cover, including tree seedlings to be 1 to 5 percent, except in canopy gaps. Epiphytes (e.g., ferns, bromeliads, and orchids) are common around solution holes and canopy gaps where light is prevalent (Carr 1973) . Air plants are less prevalent on the Keys because of a drier climate.
Natural Disturbance
Frosts, droughts, fires, and tropical storms significantly stress the vegetation of south Florida hammocks (Richardson 1977) . Most species, however, are well adapted to these natural forces as shown by the stable species composition during a 25-year period reported by Alexander (1967) for a hammock near Miami. The dense canopy of hammocks acts like a natural greenhouse, keeping the interior warmer in winter, which limits most frost damage to the edge (Craighead 1974) . The closed Olmsted et al. (1980 Olmsted et al. ( , 1981 Olmsted et al. ( , 1983 ); Schomer and Drew (1982) ; Simpson (1920); and Weiner (1979) . b Based on information from Long and Lakela (1976) , Scurlock (1987) , and Stevenson (1992) . c Based on Little (1979) . d All = all of south Florida and Keys, EG = Everglades, LG = lower glades, MR = Miami rock ridge, K = Keys, UK = upper Keys, and GC = gulf coast.
canopy, greenhouse effect also mediates moisture losses, reducing the impact of dry periods. In addition, many species (e.g., gumbo-limbo) drop their leaves during dry periods and refoliate when the rainy season begins (Bureau of Land & Water Management 1976) . Natural fires start from lightning strikes associated with thunderstorms. Because most thunderstorms occur during the summer (wet season) many of the hammocks are protected by surrounding water, or the organic matter is too moist to carry fires (Craighead 1971) . If the peat is dry enough to burn, the soil can be consumed down to bare rock, eliminating the hammock (Schomer and Drew 1982) .
High winds from tropical storms frequently strike hammocks, but only very intense storms cause much damage. The closed canopy deflects winds (Duever et al. 1986) , and the high density of stems provides a sort of mutual buffering (Bureau of Land & Water Management 1976) that, along with the extensive root system (Small 1922) , allows most individuals to resist storm damage. A hurricane with winds exceeding 125 miles per hour (200 kilometers per hour) occurs about every 25 years (Gentry 1974) . Winds of this magnitude blow many large trees over and prune all but the largest branches from many others (Craighead and Gilbert 1962) . This occurrence opens the canopy, admitting sunlight, which stimulates growth of trees and shrubs. Damage near the coast is much worse from farther inland because of the storm surge. The severest damage, however, is often confined to small areas (Richardson 1977) .
Old-Growth Attributes Size and Composition
Old-growth hammocks, like hammocks in general, are mostly small patches of broad-leaved forest dominated by tropical species and surrounded by other vegetation (Snyder et al. 1990 ). Hammock size ranges from 0.25 to 100 ac (0.1 to 40 ha) (Craighead 1974) , with most being less than 25 ac (10 ha) (Olmsted et al. 1983) . A minimum size of 0.6 ac (0.25 ha) is probably required for old-growth development. Species composition of old-growth stands is similar to that for hammocks in general.
Tree Size and Basal Area
Although species such as mastic and mahogany can grow much larger, to be classified as old-growth hammock, the community must have some trees at least 16 inches (40 cm) in diameter (table 2) . The largest trees in old-growth hammocks are at least 100 years old with a few individuals 150 years old. Old-growth hammocks on the Miami rock ridge have a well-developed, closed canopy of hardwoods 20 to 33 feet (6 to 10 m) in height, with some large trees 50 to 56 feet (15 to 17 m) in height rising above the general canopy and an understory of tropical trees and shrubs 3 to 16 feet (1 to 5 m) in height (Olmsted et al. 1980 (Olmsted et al. , 1983 . Maximum heights are less for old growth west and south of Homestead because of lower annual rainfall (Alexander 1958) . Basal area in old-growth stands averages about 260 feet 2 per ac (60 m 2 per ha), with a minimum of at least 130 feet 2 per ac (30 m 2 per ha) required.
Microenvironment
The edge of many old-growth hammocks is a dense, jungle-like growth of mostly small stems forming a barrier to the interior (Phillips 1940 , Gantz 1971 . The interior of old-growth hammocks, however, is composed mostly of old trees with a dense, leafy canopy (Simpson 1920 , Carr 1973 ) that filters out as much as 85 percent of ambient sunlight (Schomer and Drew 1982) , creating twilight-like conditions even at midday (Harshberger 1914 , Simpson 1920 . Because of extreme shade, the herbaceous understory is extremely sparse and composed of few species (Olmsted et al. 1980) . The forest floor is clean with an open, almost park-like appearance (Sand 1971 , Bureau of Land & Water Management 1976 . Most herbaceous growth and epiphytes grow in the occasional canopy gaps. Much of the bird and insect life exists high in the canopy where sunlight is available (Simpson 1920) . The solution holes provide a specialized habitat occupied by a lush growth of ferns.
Soil and Forest Floor
A major distinguishing attribute of old-growth hammocks is the accumulation of an organic soil layer that is at least 4.7 inches (12 cm) thick (Olmsted et al. 1980 ) and can reach depths greater than 12 inches (30 cm) (Small 1909 , Simpson 1920 , Craighead 1971 ). This rich, dark, organic layer develops from leaves and detritus of the hardwoods (Gifford 1911) , which have an average annual litterfall of 5,370 pounds per acre (6100 kilograms per hectare) (Ross et al. 1992 ). This accumulation of organic matter conceals much of the underlying rock. The pitted, irregular nature of the substratum, however, is revealed at tip-up mounds, where trees blown over by tropical storms have torn the organic layer from the rock. Because many of the tropical species have dense, decay-resistant woods, fallen timber generously litters the forest floor of old-growth stands (Simpson 1920) . Many of the trees can sprout from the base or can send up a branch from their fallen trunk to form a new main stem. Examples of both of these adaptations to tropical storm damage can usually be found in old-growth stands. 
Indicator Species
Live oak, wild-tamarind, and mahogany do not reproduce in the shade of old-growth hammocks but rather persist as large individuals only. Large individuals in the upper canopy and a lack of small individuals of these species in the shady interior of the hammock indicate old-growth conditions. Another striking feature of old-growth stands is naked stems of vines hanging from the upper crowns 39 to 49 feet (12 to 15 m) above the forest floor (Simpson 1920) .
Old growth also has fewer epiphytes than other hammocks because of the very dense shade. Tree snails (Liguus spp.) were once native to all hammocks where a closed canopy maintained the moist, shady microclimate required to promote the growth of the fungi and algae upon which they fed. Although not restricted to old growth, tree snails should be present in such stands.
Past History
There are few stands of tropical hardwoods left in Florida undisturbed by humans. The large mastic, mahogany, and other species were selectively harvested for shipbuilding in the 1800's. Because of its toxic effect on humans, poisonwood has been selectively removed from many forests. Wood carvers and collectors have scavenged the downed logs from most areas. Many areas were also cleared for agriculture sometime during the last 300 years. Hammock vegetation will quickly reinvade abandoned areas if fire has not destroyed the organic soil substratum. Many of the trees grow rapidly and can reach heights of 39 feet (12 m) in 25 years. It takes much longer, however, for old-growth characteristics to develop (150 to 200 years).
An example of a stand that meets the minimum qualifications for old growth is Chastain hammock on North Key Largo. Jeanne Parks 1 has observed other stands in the area that also qualify as old-growth hammock vegetation. The best remaining example of old-growth hardwood hammock is on Lignumvitae Key State Botanical Site. Other old-growth stands such as Royal Palm and Mahogany hammocks in Everglades National Park and Castellow and Matheson hammocks in Miami, were severely damaged by Hurricane Andrew and it will take several years for them to recover (Jewell 1993) .
Management Recommendations
Tropical hammocks of south Florida are a unique and important community that humans have severely depleted, primarily by urban development, making management of the remaining areas especially critical. After first protecting the area from future development, the key to maintaining this community is fire control. Fires need to be excluded during the winter months when natural fires rarely occur and hammock soils are dry enough to be totally combusted. Fragmentation of hammocks by power lines, roads, etc., should be avoided also because these artificial openings increase the severity of hurricane damage Gilbert 1962, Craighead 1974) . Old-growth hammocks also need to be established across the entire former range of tropical hammocks. This will provide habitat for species that inhabit only certain areas and will increase the probability that some old-growth stands will survive major hurricanes.
